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A recent study suggests that habits play a mediating role in the association between
trait self-control and eating behavior, supporting a notion of effortless processes in
trait self-control (Adriaanse et al., 2014). We conceptually replicated this research in
the area of exercise behavior, hypothesizing that these associations would generalize
to other self-control related behaviors. Sufficient exercise is essential for several health
and well-being outcomes, and therefore many people intend to exercise. However, the
majority of the population does not actually exercise to a sufficient or intended extent,
due to competing temptations and short-term goals. This conflict makes exercise a
typical example of a self-control dilemma. A within-subjects survey study was conducted
to test associations between trait self-control, habit strength, and exercise behavior.
Participants were recruited at a local gym. Results demonstrated that trait self-control
predicted exercise behavior. Mediation analysis revealed that the association between
self-control and exercise was mediated by stronger exercise habits, replicating findings
by Adriaanse et al. (2014). These results highlight the relevance of self-control in the
domain of exercise. In addition, they add to a growing body of knowledge on the
underlying mechanisms of trait self-control on behavior that point to habit—rather than
effortful impulse inhibition—as a potential key to self-control success.
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INTRODUCTION
Self-control is a key personality trait because it is associated with a myriad of positive life outcomes
(e.g., Tangney et al., 2004), including happiness (Cheung et al., 2014; Hofmann et al., 2014)
and health (Moffitt et al., 2011). Self-control has been the topic of many studies in various
domains. More recently, studies have moved beyond demonstrating positive effects of self-control
to examining the underpinnings of this essential trait. To provide further support for this novel
account of self-control, in the current paper, we report a conceptual replication of a recent study
showing that habit strength underlies the association between trait self-control and behavior
(Adriaanse et al., 2014), in order to strengthen this novel account of self-control.
Self-control has often been defined as an effortful process that requires resources and an
“active self.” Indeed, the classic “strength model of self-control” describes self-control as drawing
from a self-regulatory resource that is susceptible to depletion and subsequent self-control failure
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(Baumeister et al., 1998, 2007). However, a recent shift in the
conceptualization of self-control has produced novel perspectives
on effortless pathways to successful self-control that are especially
relevant to the trait aspect of self-control. In contrast to the
classic view of self-control as the effortful inhibition to impulses
(Baumeister et al., 2007), a meta-analysis revealed that trait
self-control is actually more important in habitual compared
to deliberate behaviors (De Ridder et al., 2012). These findings
suggest that there are also pathways to successful self-control that
are not based on effortful inhibition, such as for instance adaptive
habits (Gillebaart and De Ridder, 2015).
Habits are characterized by their automaticity (Verplanken
and Aarts, 1999; Lally et al., 2011). Because of this automaticity,
executing habitual behaviors does not require conscious intent
or effort (Aarts et al., 1998; Gardner et al., 2012). At first glance,
trait self-control and habits may seem at odds with each other
as one is characterized by effortless behavior (habit) and the
other is generally related to effortful behavior (self-control).
This apparent paradox may be resolved by recent insights from
trait self-control research, which suggest that rather than being
opposite forces, habits and self-control are actually strongly
related predictors of behavior. This effortless self-control notion
has been supported by a recent study showing that habit strength
mediates the relation between trait self-control and snack intake
(Adriaanse et al., 2014) and a set of studies revealing associations
between self-control and habits (Galla and Duckworth, 2015).
These studies suggest that habits—rather than being an
opposite force—are in fact an underlying mechanism of self-
control. This result implies that people with high levels of trait
self-control actuallymay not be successful at achieving their long-
term self-control related goals because they effortfully inhibit
impulsive behaviors, but rather because they can rely on effortless
habitual behaviors. Counter intuitively, this may in fact mean that
people with higher levels of self-control do not need to “use”
their self-control as often as people with lower levels of trait
self-control who do not have these habits to lean on. In line
with this, Hofmann et al. (2012) demonstrated that people with
higher trait self-control report fewer problematic temptations in
their environment. Furthermore, Gillebaart et al. (2016) found
that people with higher trait self-control experience weaker
experienced conflict between short-term and long-term goals. As
Gillebaart and De Ridder (2015) suggest, this may be because
adaptive habits allow people with higher trait self-control to go
about their lives in a way that allows them to routinely avoid
problematic situations, and make the “right” choices in line
with their long-term goals. Habits as an underlying process in
trait self-control may therefore explain why people high in trait
self-control are successful in achieving their long-term goals.
In the original study by Adriaanse et al. (2014), snacking
behavior was assessed, since healthy eating represents a typical
self-control dilemma. Self-control dilemmas are situations in
which long-term goals clash with short-term goals, and self-
control is required to steer behavior toward these long-term goals
and away from the short-term, often hedonic based goals (Friese
et al., 2011). Besides healthy eating, exercise is also considered
a prototypical self-control dilemma: while it is supportive of
a number of long-term goals such as health and fitness, it
often competes with short-term goals, such as watching one’s
favorite TV show, or staying in bed a little longer (Giner-Sorolla,
2001). Exercising on a regular basis benefits physical as well as
mental health (World Health Organization, 2015). For instance,
it promotes muscular and skeletal strength, as well as mood and
mental health, while a lack of exercise is associated with health
issues such as obesity (Ross et al., 2000), and cardiovascular
disease (Williams, 2001). In view of its health benefits, many
people intend to exercise on a regular basis (Norcross et al., 2002).
However, the majority of the adult population does not exercise
to a sufficient extent (Dishman and Buckworth, 2001). This may
be due to self-control issues: high levels of self-control lead to
healthier exercise behavior (Hagger et al., 2009), and an array of
research has demonstrated self-control’s importance for exercise
activities like basketball shooting and dart throwing (Englert and
Bertrams, 2012), and for adoption and maintenance of exercise
programs (Sniehotta et al., 2005; Wills et al., 2007).
We conducted a conceptual replication of Adriaanse’s et al.
(2014) study in order to strengthen the recently surfaced,
novel perspective on trait self-control as being, at least
partially, driven by automatic processes like habits. Exercise
behavior was the dependent variable in the current study.
More specifically, a field study was conducted among gym
members from a local gym to test the hypothesis that trait self-
control level positively predicts how much people take part in
exercise behavior, with exercise habit strength mediating this
association.
METHODS
Participants
One hundred and thirty-four participants were recruited from
a local gym’s database. The sample consisted of 52 males and
82 females, with a mean age of 37.93 years (SD = 12.44,
range 18–65). Participants were enrolled in a lottery for a
wellness voucher worth 25 euro. The study was conducted in
line with ethical standards described by the Medical Research
Involving Human Subjects Act (WMO, 2012). This Act exempts
research on healthy human subjects from ethical review provided
it does not involve any invasion of participants’ integrity.
According to national guidelines our procedure did not invade
participants’ integrity, and was hence not subject to the WMO.
Informed consent was obtained from each participant prior to
participation.
Procedure
Participants were approached via email, and asked to fill out
an online survey. Demographic data was collected, as well as
questionnaires about their self-control, exercise habit strength,
and exercise behavior over the past month and week. Afterwards,
participants were debriefed.
Materials
Trait self-control was measured using the Brief Trait Self-Control
Scale (Tangney et al., 2004). This scale consists of 13 statements
(e.g., “I am good at resisting temptations”), of which nine
are recoded to higher scores reflecting higher self-control.
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Statements were scored on 5-point Likert scales (1—not at all
applicable to me, 5—very much applicable to me). The scale
proved reliable with a Cronbach’s α of 0.81.
Exercise habit strength was measured with the Self-Report
Habit Index (SRHI; Verplanken and Orbell, 2003). The SRHI
taps into three components of habits: experience of repetition
(three items, e.g., “Exercising is something I have been doing
for a long time”), automaticity (seven items, e.g., “Exercising is
something I do without thinking”), and expression of identity
(two items, e.g., “Exercising is something that is typically ‘me”’).
Statements were scored on 7-point Likert scales (1—totally
disagree, 7—totally agree). The scale proved reliable with a
Cronbach’s α of 0.97.
The dependent variable exercise behavior was assessed with
two questions. One question assessed how many times per
week participants reported to have exercised in the 3 months
preceding the day of the study. Exercise was defined as a
minimum of 20 min intense physical exercise (Haskell et al.,
2007), and participants were provided with examples of such
exercise. Participants could indicate that they exercised less
than once a week, once a week, or twice a week or more
in the preceding 3 months. The second question assessing
exercise behavior comprised the number of minutes participants
reported they had exercised in the week preceding the day
of the study. Additional measures were used for educational
purposes. These measures comprised a goal framingmeasure and
a motivation measure, both of which are beyond the scope of
this study.
RESULTS
Participants in the sample had a mean Body Mass Index
(BMI) of 23.99 (SD = 3.49). Mean trait self-control level was
3.31 (SD = 0.57), and mean exercise habit strength was 4.33
(SD = 1.83). On average, participants reported exercising for
159.79 (SD = 145.62) minutes in the week before the study. Of
the participants, 24 indicated to have exercised less than once a
week, 16 to have exercised once a week, and 86 to have exercised
twice a week or more in the preceding 3 months.
Spearman’s rank-order correlations and Pearson product-
moment correlations were computed to assess associations of
trait self-control and habit strength with exercise behavior. All
correlations are presented in Table 1. Trait self-control was
significantly and positively related to minutes of exercise minutes
in the preceding week (r = 0.33, p < 0.001) as well as to
times exercised per week in the preceding 3 months (rp = 0.18,
p= 0.045). Trait self-control was also significantly and positively
related to strength of exercise habit (r= 0.31, p< 0.001). Strength
of exercise habit and actual minutes of exercise were likewise
significantly and positively correlated (r = 0.56, p < 0.001), as
were strength of exercise habit and number of times exercised
(rp = 0.68, p < 0.001). Age and BMI were not correlated to any
of the key variables.
The significant correlations between trait self-control,
strength of exercise habit, and exercise behavior warranted
mediation analyses. In this analysis, we tested whether the
association between self-control level and exercise behavior
was mediated by habit strength. Using Hayes (2012) PROCESS
macro, the indirect effect between trait self-control and minutes
of exercise in the preceding week through exercise habit strength
was estimated at 45.56, with 5,000 bootstrapping samples. The
95% confidence interval did not include zero (95% CI [24.94,
75.71]), meaning the mediational pathway was significant. A
similar mediation analysis demonstrated that the indirect effect
between trait self-control and number of times exercised per
week in the preceding 3 months through exercise habit strength
was estimated at 0.36, with 5,000 bootstrapping samples.
The 95% confidence interval did not include zero (95% CI
[0.19, 0.56]), meaning that this mediational pathway was also
significant. A higher level of exercise habit strength mediated
the relationship between trait self-control and both measures of
exercise behavior, in line with our hypothesis. A summary of the
regression analysis is displayed in Table 2.
The mediation results did not change when removing
participants who indicated there were medical conditions
influencing their ability to exercise (n = 19) from the sample.
Removing the frequency item from the exercise habit strength
index also did not change the results, indicating that the
results reflect mediation by the automaticity aspect of habits
(Verplanken, 2006).
DISCUSSION
The results from this field study were in favor of our hypotheses,
suggesting that trait self-control positively predicted exercise
behavior, and that this association was mediated by stronger
exercise habits for people with a higher trait self-control level.
Therefore, findings from this study conceptually replicated
TABLE 1 | Correlations between all variables, with degrees of freedom in parentheses following each correlation.
1. Trait self-control 2. Self-report habit index 3. Minutes of exercise 4. Frequency of exercise 5. Age 6. BMI
1. − 0.31** (130) 0.33** (114) 0.18* (124) 0.09 (130) −0.17 (125)
2. 0.31** (130) − 0.56** (114) 0.68** (124) −0.04 (130) 0.03 (125)
3. 0.33** (114) 0.56** (114) − 0.70** (114) −0.09 (114) −0.08 (110)
4. 0.18* (124) 0.68** (124) 0.70** (114) − −0.01 (124) 0.06 (110)
5. 0.09 (130) −0.04 (130) −0.09 (114) −0.01 (124) − 0.36** (127)
6. −0.17 (125) 0.03 (125) −0.08 (110) 0.06 (110) 0.36** (127) −
Correlations accompanied by * are significant at the α = 0.05 level. Correlations accompanied by ** are significant at the α = 0.001 level.
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TABLE 2 | Summary table of regression analyses testing the mediation of
habit strength in the association between self-control and exercise
behavior.
MODEL SUMMARY
R2 MSE F P
Exercise frequency 0.52* 0.31 66.94 > 0.001
Minutes of exercise 0.33* 14,440.25 27.93 > 0.001
DIRECT EFFECT OF SELF-CONTROL
Effect SE t P LLCI ULCI
Exercise frequency −0.11 0.09 −1.20 0.23 −0.30 0.07
Minutes of exercise 0.41 21.39 1.91 0.06 −1.48 84.08
INDIRECT EFFECT OF SELF-CONTROL
Effect SE t p LLCI ULCI
Exercise frequency 0.36a 0.09 − − 0.19 0.56
Minutes of exercise 45.56a 12.74 − − 24.94 75.71
Self-control was added to the model as the independent variable, and self-reported habit
strength as the mediator.
Values accompanied by * are significant at the α = 0.05 level. Effects accompanied by
a are significant since the corresponding confidence interval does not include zero.
earlier findings by Adriaanse et al. (2014), who demonstrated
similar associations between trait self-control, habit strength, and
snacking behavior.
Both self-control and habits have frequently been mentioned
as determinants for exercise behavior (Aarts et al., 1998;
Sniehotta et al., 2005; Hagger et al., 2009; Phillips and Gardner,
2016). However, these different lines of research have not been
unified until now. One reason for the lack of unification may be
that, at first glance, these two predictors seem to be at odds with
each other: self-control is traditionally believed to require effort,
intent, and resources (Baumeister et al., 1998), while habits
operate effortlessly, without that intent, and without depleting
resources (Verplanken and Aarts, 1999; Orbell and Verplanken,
2010). Results from the current study demonstrate that in fact,
habits, and trait self-control are very much related, which is
in line with recent developments in research on self-control
processes. Self-control comprises effortful inhibition of impulses
but also seems to operate on an automatic level (De Ridder
et al., 2012), and people with higher levels of self-control seem
to benefit from adaptive routines rather than having to use
effort and resources for each self-control dilemma (Adriaanse
et al., 2014; Gillebaart and De Ridder, 2015). The current
study demonstrates a first translation of this notion to exercise
behavior.
The fact that engaging in exercise behavior involves effort
is intuitively appealing. People often have to fit a healthy
amount of exercise into their busy lives in order to reach
a long-term goal of health and fitness, and need to steer
themselves away from hedonic, short-term rewarding behaviors
like being sedentary or sleeping in. But, if exercise behavior
would completely depend on this effortful self-control process,
this would paint a pretty hopeless picture of exercise initiation
and maintenance, as self-control can be compromised due to
for example previous exertions of self-control (Baumeister et al.,
1998, 2007). Fortunately, the reality is less grim: people who go
to the gym (or have an active gym membership), like our sample,
actually do seem to be successful at working toward their exercise
goal. Our results show that although their exercise behavior is
predicted by their self-control level, they may use a different,
less effortful self-control strategy when it comes to exercising:
habits.
There are limitations to the current study that urge
some caution when interpreting the results. A first limitation
concerns the potential for establishing causality of the proposed
relationships. Both on a statistical and conceptual level, caution
needs to be applied when interpreting the causality of the
reported results. Statistically, a first limitation pertains to
the correlational nature of the design. Since none of the
variables were manipulated in a controlled setting, causality
of the proposed associations cannot be established. Moreover,
mediation analysis is suited for testing significance of a
mediational relationship, but not for identifying a mediator.
This means that a significant mediation cannot rule out other
causal models describing the correlational associations (Fiedler
et al., 2011). Furthermore, the exercise behavior that participants
reported on took place in a time period of 3 months before
they filled in the survey. Strictly, this means that our predictors
trait self-control and habit strength were measured at a later
time than the behavior we wanted to predict with our mediation
analysis. This could cause a problem for mediation analyses
(MacKinnon and Fairchild, 2009). However, trait self-control
as measured in this study is considered a stable personality
trait, not susceptible to large fluctuations due to situational
factors (Tangney et al., 2004). Moreover, there is an important
advantage of using a design with retrospective reporting of
exercise behavior: participants did not get the opportunity to
change their behavior as a result of monitoring that could
occur after filling in questions about their exercise behavior
(Verhoeven et al., 2014), which we feel outweighs the limitations
that follow from this design. Of course, an inherent limitation
of self-report measures is that they are always to some extent
subjective.
Conceptually, one could assume overlap between trait
self-control, habit strength, and exercise behavior. However,
the reported correlations between the variables are of a
medium effect size, suggesting that the trait self-control,
habit strength, and exercise behavior do in fact represent
different concepts that are mutually associated. Taken together,
as our findings strongly align with previous research (e.g.,
Adriaanse et al., 2014; Galla and Duckworth, 2015) we
are relatively confident in our conclusion that self-control
affects habit strength, which in turn influences exercise
behavior.
This conceptual replication study has provided further insight
into the underpinnings of successful self-control. The key to
successfully keeping up a healthy eating or exercise routine may
lie in the strength of the habit that is formed as a consequence of
trait self-control. This implies that people who struggle with low
levels of trait self-control could benefit from interventions based
on habit formation to be able to exercise as effortlessly as their
high trait self-control counterparts.
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